The enamel pigmentation of Sorex (Insectivora) is distributed over the whole of the tooth from the enamel surface to the zone of the middle enamel layer, except for some unpigmented micro-areas. With respect to the structure of the enamel, Sorex has two types of organization in the unpigmented enamel (UE) and pigmented enamel (PE); prismatic and prismless enamel or tubular and atubular enamel types. In the UE areas, the enamel prisms run in a relatively complex but systematic way. However, on the PE, the enamel prisms run almost parallel to the enamel surface.
Introduction
It is well known that Sorex (Insectivora) has a pigmented tooth enamel, and the degree of pigmentation is used for taxonomic purposes in the Soricidae. This pigmentation is caused by iron [1, 2] , as is the case with rodent incisor enamel. However, the distribution of the iron is quite different from that in normal rodent enamel, because the pigmentation involves the whole tooth in Sorex. The relationship between the pigmentation and the structure of Sorex enamel is unknown. We report here details of the enamel structure and pigmentation as revealed by histological study.
Materials and Methods
The enamels of Sorex caecutiens saevus and Sorex unguiculatus were used. The pigmented teeth were extracted, fixed in 10% formalin and dehydrated with alcohol using concentrations over a range of 70-100%. Ground sections were etched with 0.5% HCl for light microscopy and scanning electron microscopy. Some specimens were used for X-ray microdiffraction and microradiography. The rest were embedded in EPON 812, and cut into ultrathin sections for TEM.
Results

Enamel structure
All teeth of Sorex had the PE. However, the deep enamel layer near the dentinoenamel junction beneath the PE, and some other regions, such as those near the cervical area, had the UE (Fig. 1) When the polished enamel surface was etched with HCl, the UE was dissolved deeply, while the PE was insoluble in the acid (Fig. 8 ).
2. Electron microscopy, and electron and X-ray diffraction Central dark lines were observed in the enamel crystals ( Fig. 9 ). It is believed that these represent dislocations or carbonate-containing regions [3] . In electron micrographs these central dark lines were not observed so frequently and the number of these crystallites was almost the same in the PE and UE. Many crystallites formed a hexagonal pattern, as seen in normal human enamel crystallites (Fig. 10 ). Many dislocations were found in these PE crystals in high-resolution electron micrographs
The distances between the lattice planes were 0.82, 0.48, 0.36 and 0.29nm. These values were obtained from measurements on films, using the value of the carbon graphite lattice plane (0.34nm) for calibration.
From electron-diffraction patterns, the value obtained for the a-axis of the PE crystal was 0.948nm (hydroxyapatite=0.942nm) and that for the c-axis, 0.686nm (Fig. 12) 
Discussion
Sorex is one of the red-toothed shrews, belonging to the Insectivora, and has a quite characteristic enamel structure. Among the Insectivora, some species have tubular and others atubular enamel, while some have prismatic and others prismless enamel [4, 5] . However, Sorex possesses all these enamel features in an individual tooth. Some areas consist of thin prismless enamel (Figs. 4, 5) , while others have prismatic enamel (Figs. 2, 3 ). In the areas of prismatic enamel, the outer two-thirds layer is pigmented enamel and the inner layer of this area, near the dentino-enamel junction, is unpigmented and tubular enamel (Fig. 1) .
Tubular, prismless enamel is characteristic of mammal-like reptiles and of the lower Mammalia [6] [7] [8] [9] . It is reported that these enamel tubules have degenerated during Primate evolution, along with the development of the Hunter-Schreger bands [10, 11] . The enamel structure of Sorex may be a transitional pattern between the primitive and higher mammalian structures ; this is because the enamel prisms in the UE beneath the PE layer run in a complex, although systematic, course (Fig.  3) , but do not form Hunter-Schreger bands. The enamel prisms are lined up in parallel rows, which are intercalated by sheets of interprismatic enamel. These structures are the same as those in marsupial enamel and are also a feature of primitive mammalian enamel. This arrangement of the enamel prisms suggests the primitive movement of the ameloblasts in the evolution of the Hunter-Schreger bands in higher Mammalia. DOTSCH and KODNIGSWALD [2] have reported that the outer, iron-containing and pigmented layer is composed of prismless enamel. However, enamel prisms in this layer (PE) can be seen using TEM to be the same as those in the UE (Fig. 6) 
